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Abstract 

In this article, we parameterize the vertexes i}Qi}Q(j}, QqSqK* , SqI^qK* and EqEqP 
("—^ ' with four tensor structures due to Lorentz invariance, and study the corresponding four strong 

^vj , coupling constants with the light-cone QCD sum rules. 
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The charmed and bottom baryon states which contain a heavy quark and two light quarks are 
particularly interesting for studying the dynamics of the light quarks in the presence of a heavy 
quark. They serve as an excellent ground for testing predictions of the quark models and heavy 
*~^, quark symmetry [I] [5]. The mass spectrum and magnetic moments of the heavy (and doubly 

(— I ' heavy) baryon states have been studied by a number of the theoretical approaches [3J HI [51 [SI El HI 

m [lOl [n] [121 [m mi [S]. Among those theoretical approaches, the QCD sum rules and light-cone 
QCD sum rules are powerful tools in studying the ground state heavy baryons and have given 
many successful descriptions of the properties (TBI HZl [TSl [THl [201 HI] ■ 
Q>^ ' In Refs. p^l^ . we study the strong coupling constants in the vertexes ngflQCJ), EqE'qV and 

^S] , YiqYiqV with the light-cone QCD sum rules, then assume the vector meson dominance of the 

•^ ' intermediate 0(1020), p(770) and w(782), and calculate the radiative decays fig — >■ i^qj, Sq — )■ 

^i , Sq7 and Sg — > Sq7. In Refs.[24l [25] . the strong coupling constants gsQEQTr and q^qAqtv are 

lO ' calculated using the light-cone QCD sum rules. In this article, we analyze the vertexes HqUqcI), 

^P , D.q'E.qK*, EqY^qK* and Y^qT,qP, which are of great phenomenological importance, and study the 

corresponding strong coupling constants with the light-cone QCD sum rules. 

The baryon resonances can be classified as genuine qqq states (or large- TVc ground states) and 
molecule-like states generated dynamically, and the two-pole nature of the A(1405) with I{J^) = 
0(i ) serves as an excellent support for the hadrogenesis conjecture [33]. The negative-parity 
^ I baryon resonances (some are supposed to be molecule-like states) can be studied through the 

meson-baryon scatterings in the coupled-channel unitary schemes, where the tree- level scattering 
kernels are derived from the SU{3) chiral lagrangian [2^, the flavor-spin SU{6) extension of the 
Weinberg- Tomozawa meson-baryon interactions [28] . the i-channel vector meson exchange model 
based on the flavor SU{A) symmetry combined with the chiral symmetry [211 [S^, the flavor-spin 
SU{8) extension of the Weinberg- Tomozawa meson-baryon interactions [21], the flavor 5*^7(4) t- 
channel vector meson exchange model [32], etc. In the limit i — )■ 0, the vector meson exchange 
models and the Weinberg- Tomozawa interactions result in analogous scattering kernels, where the 
strong coupling constants in the vertexes BBV, B*BVand B*B*V play an important role, for 
example, the strong coupling constant in the vertex 17*57*0 for the i-channel 0(lO2O)-exchange 
induced scattering fll+Dg -^ fl^+Ds. In the real world, the flavor SU{4:) and the spin SU{2) are 
(badly) broken, an universal coupling constant is not a good approximation, we should calculate 
those coupling constants in different channels independently to estimate the symmetry breaking 
effects. 

In recent years, the Babar, Belle, CLEO, DO, CDF and FOCUS collaborations have discovered 
(or confirmed) a number of new heavy baryon states [331 134] , and some states have been studied in 
the coupled-channel unitary schemes, for example, the Ac(2595) is tentatively identified as a D*N 
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or DN molecular state [311 1351 136) . The coupled-channel unitary approaches have predicted many 
heavy baryon resonances, which maybe discovered at the LHCb, RHIC, PANDA, etc, we should 
study the strong coupling constants in the vertexes BBV, B*BV and B*B*V in great details to 
make the predictions more reliable. 

The article is arranged as follows: we derive the strong coupling constants in the vertexes 
B*B*V with the light-cone QCD sum rules in Sect. 2; in Sect. 3, we present the numerical results 
and discussions; and Sect. 4 is reserved for our conclusions. 



2 The vertexes B*B*V with hght-cone QCD sum rules 

We parameterize the vertexes B*B*V with four tensor structures due to Lorentz invariance and 
introduce four strong coupling constants gi, §2, gs and 34 [37ll38) , 
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where the C/^(p) is the Rarita-Schwinger spinor of the heavy baryon states B* (Jig, Sg, Sq), the 
e^ is the polarization vector of the vector mesons V (0(1020), isr*(892), p(770)). 
In the following, we write down the two-point correlation functions liijvipTq), 
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where Q — c,b and q, q' = u, d, the a, b, c are color indexes, the loffe-type heavy baryon currents 
Jf}{x), J^{x), J^{x) interpolate the | heavy baryon states fig, 5g, Eg, respectively, the external 
vector mesons have the four momentum g^ with q^ = ^d,IK'l ■ 

We can insert a complete set of intermediate hadronic states with the same quantum numbers 
as the current operators J^{x) into the correlation functions liijviPiq) to obtain the hadronic 
representation. After isolating the ground state contributions from the pole terms of the heavy 
baryons VLq, Sg, Eg, we get the following results. 
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where the following definitions have been used, 
(0|J^(0)|B*(p)) = A,C/;(p,s), 
]Ulip,s)Kip,s) =. -iji + M,) 



E' 



Sa"' 



7^7^^ '2pt,Pu , Pfilu - Pulfi 



2,Mf 



3Af, 



(4) 



ffl = 

92 = 


= 2gi, 
252 













4gi 4.92 33 


2- 


2{Mf - Mj) 
3A'f2 


2ml 
3Mi 


93 


3Mf 3M,{M, + Mj) {Mi + MjY 




2m^54 










3M,(M, + M,)3' 




94 = 


4gi 4^2 gz 


4 
3 


2{Mf ~ M]) 
3Mf 


2ml 
3Mf 




94 

^{Mi + MjY 


3Mi 3M, 







(5) 



In calculation, we have ordered the Dirac matrixes as ^^^^/f [39j . 

The current Jfj,{x) couples not only to the spin-parity J^ — | states, but also to the spin- 
parity J^ — ^ states. For a generic ^ resonance Bq, {0\J^{0)\Bq{p)) = A, (7^ — Ajj-)U*{p,s), 
where A* is the pole residue, M* is the mass, and the spinor U*{p,s) satisfies the usual Dirac 
equation (j/— M^,)U* [p) ~ 0. In this article, we choose the tensor structures ^p- ew ■ z, ji ^p- ew ■ z, 
jip-eq-wq- z, ^p-eq-wq- z, the negative-parity baryon state Bq has no contamination. For example, 

we can study the contribution of the ^ baryon state Bq to the correlation functions Ilijv{p,q), 
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where we introduce the strong coupling constants gv and gx to parameterize the vertexes {Bi{q + 
p)\Bj{p)V{q)), and order the Dirac matrixes as iv^^^-i- 

In the following, we briefly outline the operator product expansion for the correlation functions 
Ilijy (p, q) in perturbative QCD. The calculations are performed at the large space-like momentum 
regions (9-l-p)^ ^ and ]? <^ 0, which correspond to the small light-cone distance x"^ ~ required 
by the validity of the operator product expansion. We contract the quark fields in the correlation 
functions Ilijv{p,q) with Wick theorem, 
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then perform the Fierz re-ordering to extract the contributions from the two-particle vector meson 
light-cone distribution amplitudes, substitute the full s, m, d and Q quark propagators (<S'(a;), U{x), 



D{x) and Sq{x)) into the correlation functions and complete the integrals in the coordinate space 
and momentum space sequentially, and obtain the correlation functions at the level of quark-gluon 
degree's of freedom. In calculation, the two-particle vector meson light-cone distribution ampli- 
tudes up to twist-4 have been used [40l IHl |42l |43] . The parameters in the light-cone distribution 
amplitudes are scale dependent and are estimated with the QCD sum rules [42l|43]. In this article, 
the energy scale fi is chosen to be /^ = 1 GeV. 

Taking double Borel transform with respect to the variables Qi = — p^ and Q2 = —{p + q)^ 
respectively, then subtracting the contributions from the high resonances and continuum states 
by introducing the threshold parameter so (i.e. Af^" — > jr?^ Jj^"" dss"~^e~M^), finally we can 
obtain 32 sum rules for the strong coupling constants gi, 52, 93 and 34 respectively, the explicit 
expressions are presented in the Appendix. In calculation, we neglect the contributions from the 
high dimension vacuum condensates, such as {fabcG°'G^G'^), (gg)( "°^'^ ), (5s)( "°^'^ ), etc. They 
are greatly suppressed by the large numerical denominators and additional inverse powers of the 
Borel parameter ■^, and would not play any significant roles. 

3 Numerical result and discussion 

The parameters which determine the vector meson light-cone distribution amplitudes are /^ = 
(0.215 ±0.005) GeV, /^ = (0.186 ± 0.009) GeV, a}\ = 0.0, a^ = 0.0, alj = 0.18 ± 0.08, a^ = 
0.14 ± 0.07, C| = 0.024 ± 0.008, a!J = 0.0, wl| = -0.045 ± 0.015, 4, = 0.0, ul = 0.09 ± 0.03, 
a!J = 0.0, K^ = 0.0, LJ^ = 0.20 ± 0.08, A^ = 0.0, c:| = 0.00 ± 0.02, w| = -0.02 ± 0.01, <,i = 
-0.01 ± 0.03, ^i = -0.03 ± 0.04, k| = 0.0, Atf = 0.0 for the <?!)-meson; Jk- = (0.220 ± 0.005) GeV, 
fj^. = (0.185 ±0.009) GeV, a\ = 0.03 ±0.02, Oj^ = 0.04 ±0.03, alj = 0.11± 0.09, a^ =0.10±0.08, 
Cl = 0.023 ± 0.008, a| = 0.035 ± 0.015, w| = -0.07 ± 0.03, 4 = 0.000 ± 0.001, w| = 0.10 ± 0.04, 
AJI = -0.008 ± 0.004, K^ = 0.003 ± 0.003, u^ = 0.3 ± 0.1, A^ = -0.025 ± 0.020, <;| = 0.02 ± 0.02, 
S| = -0.02±0.01, ^i = -0.01±0.03, ^i = -0.05±0.04, k}[ = -0.025±0.005, kJ- = 0.013±0.005 
for the ii'*-meson; and fp = (0.216 ± 0.003) GeV, /^ = (0.165 ± 0.009) GeV, a\ = 0.0, a^ = 0.0, 
a\ = 0.15±0.07, a^ = 0.14±0.06, c| = 0.030±0.010, AJj = 0.0, w| = -0.09±0.03, 4 = 0.0, w| = 
0.15 ± 0.05, a| ^ 0.0, K^ = 0.0, Lo^ = 0.55 ± 0.25, A^ ^ 0.0, 4. ^ 0.07 ± 0.03, w| = -0.03 ± 0.01, 
(^^ = — 0.03± 0.05, q^ = — 0.08± 0.05, k\ — 0.0, and k^ = 0.0 for the p-meson at the energy scale 
/i= IGeV mils]. 

The QCD input parameters are taken to be the standard values m,s — (140 ± 10) MeV = 
24.6 m„/d, mc = (1.35 ± 0.10) GeV, rrn, = (4.7 ± 0.1) GeV, {qq) = -(0.24 ± 0.01 GeV)^, {ss) = 
(0.8±0.2)(gg), {sg.uGs) = m§(ss), (qgsaGq) = ml{qq), ml = (0.8 ± 0.2) GeV^ and (^) = 
(0.33 GeV)4 at the energy scale ^i = 1 GeV [B [HI IS]- 

The masses of the well established hadrons are taken from the Review of Particle Physics, 
TO0 = 1.019 GeV, raK' = 0.892 GeV, nip = 0.775 GeV, Mn* = 2.766 GeV, Ms- = 2.646 GeV, 
Ms* = 2.518 GeV and Msj = 5.833 GeV [45]. The bottom baryon states SJ and dl have not been 
observed yet, we use the values from the conventional QCD sum rules, Mh* = 6.02 GeV and Mq' = 
6.17 GeV [IS]. The values of the pole residues A^ are also determined with the conventional QCD 
sum rules, Anj = (0.083 ± 0.018) GeV^ Ahj = (0.049 ± 0.012) GeV^ Asj = (0.038 ± 0.011) GeV^ 
Aoj = (0.056 ± 0.012) GeV^ Ahj = (0.033 ± 0.008) GeV^ As* = (0.027 ± 0.008) GeV^ ;46]. In 
the channels Sq , we can make a simple replacement Ae» — > v2As* to take into account the 
symmetry factor. 

The threshold parameters Sq and Borel parameters M^ are taken as sq — (12.0 ± 1.0) GeV^, 
(12.0 ± 1.0) GeV^ (11.5 ± 1.0) GeV^ (11.0 ± 1.0) GeV^ (47.0 ± 1.0) GeV^ (47.0 ± 1.0) GeV^ 
(46.0±1.0)GeV^ (45.0±1.0) GeV^ and M^ = (2.4-3.4) GeV^ (2.3-3.3) GeV^ (2.1-3.1) GeV^ 
(2.0-3.0) GeV^ (5.3-6.3) GeV^ (5.2-6.2) GeV^ (4.8-5.8) GeV^ (4.6-5.6) GeV^ for the strong 
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Figure 1 : The values of the strong couphng constants gi with variation of the threshold parameter 
So for the central values of the other parameters. The A, B, C, D, E, F, G and H denote the 
vertexes n*ni(J3, Q^EIK*, S*S*ii:*, I]*S:p, fijfij</), ^^S*i^*, S*S*ii:* and S^S^p, respectively. 
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Figure 2: The values of the strong coupling constants gi with variation of the Borel parameter 
M^ for the central values of the input parameters. The A, B, C, D, E, F, G and H denote the 
vertexes 0*17*0, n*E*K*, E*^*K*, S*E*p, 0^17^0, n^ElK*, ElY^^K* and S^S^p, respectively. 



coupling constants in the vertexes O*ri*0, fl^^lK* , ^*E*iir*, Yj^TjIp, 
^I'S^Ip, respectively [46] . 
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In Ref.[46], we study the masses and pole residues of the | heavy baryon states with the 
conventional two-point QCD sum rules, and obtain the optimal Borel parameters M'^ and threshold 
parameters sq. The central values of the threshold parameters are sq ~ {Mb' + 0.7 GeV)^, which 
can take into account the ground state contributions sufficiently. In the constituent quark models, 
the energy gap between the ground states and the first radial excited states is about 0.5 GeV, 
the contributions from the high resonances and continuum states may be included in. The values 
of the strong coupling constants gi, 52, gs and ^4 are not sensitive to the threshold parameters, 
the contaminations should be very small due to the suppression factor e^^ < 4% and <^ 1% 
in the charmed and bottom channels respectively, where x — -jjj. In Fig.l, we plot the values 
of the strong coupling constants gi with variation of the threshold parameter sq for the central 
values of the other parameters to illustrate the fact. On the other hand, the values of the strong 
coupling constants 51, 52, 53 and §4 are rather stable with variations of the Borel parameter, the 
uncertainties originate from the Borel parameters are not large. In Fig. 2, we plot the values of the 
strong coupling constants 51 with variation of the Borel parameter M^ as an example. The Borel 
parameters and threshold parameters determined in Ref . |46| still work in the present case. 

Taking into account all the uncertainties of the revelent parameters, finally we obtain the 
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Table 1: The values of the strong coupling constants gi, (72, 33 and (74, the -wide- hat 
the uncertainties originate from the parameters A^ are subtracted. 
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numerical results of the strong coupling constants gi, (72, 93 and (74, -which are sho-wn in the Table 

1. We estimate the uncertainties S -with the formula 6 = \ j^i ( i)^ ) \xi=xi {^i — Xi)'^, "where 

the / denotes strong coupling constants gi, g2, 53 and §4, the Xi denotes the revelent parameters 

toq, {qq), {ss), ■ ■ ■ . In the numerical calculations, we take the approximation ( ^^ J {xi — Xi)"^ w 

[f{xi ± Axi) — f{xi)] for simplicity. For the central values of the strong coupling constants, 
^^r^^ < 20%, '^^Z^^' < 40%, the heavy quark symmetry and the light-flavor SU{3) symmetry 
-work rather -well. 

From Table 1, we can see that the values of the g^ and 54 differ from each other greatly in 
different channels, it is no use to obtain an average. In the sum rules for the strong coupling 
constants 53 and 34, the dominant contributions come from the t-wo-particle t-wist-4 light-cone 
distribution amplitude A{1 — uq), the light-flavor SU{3) symmetry breaking effects mg ± ruq are 
too large, i.e. 

1(1 - uo) = 0.093, 1(1 - uo) = 0.495, A(l - wq) = 1-445 , 
1(1- uo) = 1.121, 1(1 -uo) = 3.356, A(l - wq) = 1-581 , 
1(1 -uo) = 0.089, 1(1 - uo) = 0.500, v4(l - uq) = 1-554, (8) 

for the vector mesons 0(1020), iir*(892), p(770), respectively; one can consult Ref.[43 for the 
lengthy expressions of the t-wist-4 light-cone distribution amplitude A{u). 

The main uncertainties originate from the parameters Xi {gi, (72, 93 and 34 ex xT") and mq, 
the variations of those parameters can lead to relatively large changes for the numerical values, 
and almost saturate the total uncertainties, i.e. the variations of the t-wo hadronic parameters A^ 
and Xj lead to an uncertainty about 25% x a/2 — 35%, and the variations of the niQ lead to an 



uncertainty about (10 — 20)%, refining those parameters is of great importance. In Table 1, we also 
present the values of the strong coupling constants gi , 52 , 33 and 34 with the uncertainties originate 
from the parameters Xi are subtracted. On the other hand, although there are many parameters in 
the light-cone distribution amplitudes |42[ 143] , the uncertainties originate from those parameters 
are rather small. 

Those strong coupling constants in the vertexes B* B*V are basic parameters in describing the 
interactions among the heavy mesons and heavy baryons, once reasonable values are obtained, we 
can use them to study the meson-baryon scatterings and perform other phenomenological analysis. 
In the present case, the values of the gi and 32 are rather good, while the values of the g^ and 
gi are not satisfactory, the two-particle twist-4 light-cone distribution amplitude A(u) should be 
re-estimated. 

4 Conclusion 

The strong coupling constants in the vertexes B*B*V are basic parameters in describing the 
interactions among the heavy mesons and heavy baryons, where the flavor S'[/(4) symmetry and 
the spin SU{2) symmetry (or the flavor-spin SU{8) symmetry) are badly broken, an universal 
coupling constant is not a good approximation. In this article, we parameterize the vertexes 
figfig^, n'n'E.QK* , 'E.q'SqK* and EgSgp with four tensor structures due to Lorentz invariance, 
study the corresponding four strong coupling constants gi, (72, 93 and g^ with the light-cone QCD 
sum rules. In calculation, we order the Dirac matrixes as-^^^fi ;/i and choose the tensor structures 
'^p-ew- z,i^ ^p-ew- z,-i^p-eq-wq- z,^p-eq- wq • z to avoid the contaminations from the negative- parity 
heavy baryons states as the interpolating currents couple to both the spin-parity J^ = \ and 

J^ = 2 states. The final numerical results indicate that the heavy quark symmetry and the 
light- flavor SU(?>) symmetry work rather well for the strong coupling constants g\ and 172, while 
the values of the 53 and 34 differ from each other greatly in different channels. The dominant 
contributions to the strong coupling constants 33 and 34 come from the two-particle twist-4 light- 
cone distribution amplitude ^(1 — wq), where the light-flavor 51/(3) symmetry breaking effects are 
too large and should be re-estimated. We can use the strong coupling constants g\ and 32 to study 
the dynamically generated molecule-like states via the meson-baryon scatterings or perform other 
phenomenological analysis. 
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Appendix 

The 32 sum rules for the strong couphng constants gi, g2, 53 and g^ in different channels, 
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With the simple replacements, 
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we can obtain the corresponding strong coupling constants in the vertexes flgEgK*, ^q'EqK* , 
^*q^*qP, respectively. Here uq = 1 -^uo, U = f<t> - f^'^, I^ = f^ - U'^. Ik- = Ik- - 
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distribution amplitudes, the lengthy expressions of the light-cone distribution amplitudes '?^||(m), 
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